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(54) Tire tread with co-extruded non-black colored overlay 



(57) The present invention relates to a tire (1) with 
a carbon black-containing, black-colored, circumferen- 
tial tread (2) of a cap/base construction, wherein said 
tread cap (3) has a lug (4) and groove (5) configuration 
and wherein the outer surface (9) of a major portion of 
said lugs are designed to be ground contacting, and a 
co-extruded thin outer non-carbon black-containing rub- 
ber layer (8) of a non-black color wherein said outer rub- 
ber layer is integral with and clrcumferentially extends 



from the axial outer edge of said tread cap (3) to include 
at least of a visible surface of at least one groove (5) in 
said tread cap. In one aspect, said tread (2) contains a 
pair of black colored, carbon black reinforced, tread min- 
iwings (7) which extend from the axial outer edge of the 
tread over a portion of the tire sidewall (1 2), wherein said 
thin outer rubber layer joins said miniwing and wherein 
said tread cap, tread base, tread miniwings and thin out- 
er layer are co-extruded, co-cured and therefore integral 
with each other. 
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Description 

Field of the invention 



i^caXs'e^^nTSr^^^^ 7*°" b.ack-containinp. blaCcolored. circumferen.ia, tread of 

cap. ,n one aspect, sJ.IIT:^:^! IV^oTtZl c o^d V^Tt^j;;^^^!'' '''' '''' 

from the axial outer edge of the tread over a oortion of thl "'^f* reinforced, tread miniwings which extend 

miniwing and wherein Sd tread ?madT.? t?ol ^ ^^'^ ^"^''^^ '^V^^ i°<"^ said 

therefore integral with each other^' ' ' '^^^^ co-extruded, co-cured and 



therefore Integral with each other. 
Background of the Invention 



. c=-:i-=er--== 

surface to serve'as an electrira?"onduc«^^^^^^^^^ e e^c^^^^^^^^^^^^^^ 'T' °" ''^^^ 

US-A- 6.044,882 Realisticallv surh tro^w r„=.,, L , ^'^""'^"y t^^ead has been proposed according to 

^5 black or it may bo of a non- JLrcolorTi?^ t 1' '" " ''"'^ " 

ofanon-blacLolorwheriTherel^^^^^^^^^^^ 

o";:ran:ir^^""^^'^""'^''-"^'^^^^-------^^^^^^^^^ 

- rkiio?oftrerrs'^t;r^^^^^^^^^^^^ 

and titanium dioxide pigment in the absenTe oJ or exclu^ivL of /'."'"l'" '^'""'"^ ^ ^^ber 
colored portions of the^ sldewallTar^wrknow; ' " reinforcement. T.res with white 

fSJfo^elTe^^l^^^^^^^^^ r efJr^TJcTt " ^^^'^"^ 

to^bberc^^^^^^^^ 

Sh^eftrd^n^^^^^^^^^ 

rubbercompositions wSfci arScemfo the cotr^^^^ ^«"°"s 
substrtute non-discolS chemS^^^^^^^^ Accordingly, ft is a common practice to use 

ample, non-discoloring anMegTadantl an^no^ compositions such as for ex- 

tire White sidewall alt ^"'^^3'^'*^"'" ^"^ non-d,scolor,ng rubber processing oils. Such practice is well known in the 

Ssts^c^^^^^^^^^^^^ 

Of the tire which is intended ^ be groC^S^TnSoTo S o^^^ . '^^"''^ ^ "^^j^^''^ °' '^"'^^ ^"^^^ 

compounding such contrrstingly L^redtead selll^^^^ contrasting color, and to thereby avoid especially 

P..n<,-, „L» herein, .^0^'; -Xr^SLTyTr^^^^^^ -. --vb^.oo.. 
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Summary and Practice of the Invention 

[0011] In accordance with this invention, a pneumatic tire is provided having a multi-colored tread of a cap/base 
construction and a lug and groove construction wherein a visible portion of said grooves have walls of a non-black 
s colored, devoid of carbon black, silica reinforced, rubber composition wherein a majority of the visible portion of the 
surface of said tread is of a black-colored, carbon black-containing, rubber composition wherein said tread is comprised 
of co-extruded laminae of 

(A) a layer of a carbon black-containing, black colored tread cap rubber composition configured with lugs and 
10 grooves wherein the outer surface, or face, of said tread lugs is designed to be ground-contacting, 

(B) a layer of a carbon black-containing, black-colored tread base which underlies said tread cap and Is not de- 
signed to be ground contacting, 

(C) a pair of carbon black-containing, black-colored tread miniwings extending from the peripheral edges of said 
tread, and 

IS (D) at least one thin overlaying layer of said non-black colored, silica reinforced, outer rubber layer, exclusive of 

carbon black and containing a colorant other than of a black color overlaying at least a portion of the surface of 
said at least a portion of said tread grooves. 



20 



[0012] in one aspect of the invention, said thin overlay rubber strip 



(1) is positioned exclusively on at least a portion of the surface of at least a portion of said tread grooves and 
wherein a majority of the visible surface of the tread surface is of a black colored, carbon black containing, rubber 
composition, or 

(2) is abraded away from the face of said lugs intended to be ground-contacting, or 
25 (3) extends between the peripheral edge of said tread and said tread wings, or 

(4) is positioned as a plurality of said co-extruded overlaying, non-black colored rubber strips are positioned over 
at least a portion of a plurality of the surface of said tread grooves exclusive of the face of said grooves intended 
to be ground-contacting. 

30 [001 3] In the practice of this invention, said thin, non-black colored co-extruded overlay rubber layer is comprised of 

(A) 1 00 phr of elastomer comprised of 

(1 ) 20 to 1 00, alternately 50 to 90, phr of at least one diene-based elastomer and 
^5 (2) from zero to 80, alternately 1 0 to 50, phr of a halogenated copolymer of isobutylene and p-methyl styrene, 

wherein said halogen Is selected from bromine or chlorine, preferably bromine, 

(B) 25 to 100, alternately 35 to 90, phr of silica comprised of particulate synthetic amorphous silica selected from 
at least one of 

40 

(1) aggregates of precipitated silica having hydroxyl groups (e.g. silanol groups) on the surface thereof, and 

(2) pre-hydrophobated aggregates of precipitated silica having been pre-hydrophobated by treating silica in 
an aqueous colloidal fomn thereof with both an organomercaptosilane and an alkylsllane in a weight ratio of 
said organomercaptosilane to said alkylsilane in a range of from 10/90 to 90/10; 

wherein said alkylsilane is of the general Formula (I) 

(I) X„-Si-R^„ 

SO wherein R is an alkyi radical having from one to 18, preferably from one to 8, carbon atoms such as, for 

example, methyl, ethyl, isopropyl, n-butyl and octadecyl radicals, n is a value of from 1 to 3 and X is a radical 
selected from halogen, namely chlorine or bromine, preferably a chlorine radical, and alkoxy radicals, prefer- 
ably an alkoxy radical as (OR^) -, wherein R"" is an alkyI radical having from one to 3 carbon atoms such as, 
for example, methyl, ethyl and isopropyl radicals, preferably from methyl and ethyl radicals, and where said 

55 organomercaptosilane is of the general formula (II): ■ 

(II) (X)„(R^O)3.„ -SI-R^-SH 
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from zero to 3. preferabV zeVo; ' '"^'"'""^ " ^«'^"=«'= 

n is a value 

elastomer(sv aggregates of precipitated s.hca and another moiety interactive with said diene-based 

ro^r^raTsrsx"^^^^^^^^^^^ 

teao^l pentaerythritol diphosphite and 0^01X^0! diSSohr h Penteaorthritol diphosphite. dis- 
the general formulas (III) and (IV): '^'P'^osphite and organo monophosphites selected from 



("') (OR'*)-P-(OR)'' 

I 

(OR^). and 
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(IV) ((OR*)2-P-0-R=)2-r6 

st«uterpr;ratc'i;;rw^^^^^ ^,:'rar r r ■ '^'^'^^^ 

through 4 or from 4 through 2 car^o^atoms and If ''m . "° ^'^'^'"^^ '^-^ ^ 

from propyl, butyl, octyl and ethymel, ral^^ L f T ^ ' '^"'^ '"^^y'' P^P^' ^'^'^^'S- 

alkyi suSuted Phenyl rrdtl^Tf 9 Ir^ ' '""''"'^ ^'"'^ '^"'^^'^ ^^'^ 

(f) by pre-reacting said organo phosphite and said alkylsilane of Fomiula (I) with 
(i) said aggregates of synthetic precipitated silica or 

^'^^^ --►^ « P-P«-d since is recovered to 

be";:; eX^i;ra7C?y.7or ^^^^^^ ^^^^ 'r ^^^^^ P-'P^-^-^ may preferab^ 

radicalsforsLalkoxygroC a^eS^^ ^ bis(3-trialkoxysilylallcyl) polysulfide wJerein alk^ 

and the alkyI radical for said silylL^I component is sJ^IlT, T " """" P^"'^^^"'^ «" ^^^'V ^^^i^^' 

radical andwhereinsaidpolysu^^d^rp^r^^^^^^^^^^^ 
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4, sulfur atoms in its polysulfidic bridge. 

[0015] Representative of such other coupling agents are, for example. bis(3-triethoxysllylpropyl) polysulfide having 
an average of from 2 to 2.6 or from 3.5 to 4. sulfur atoms in its polysulfidic bridge. 

[0016] Such coupling agent may. for example, be added directly to the elastomer mixture or may be added as a 
5 composite of precipitated silica and such coupling agent formed by treating a precipitated silica therewith or by treating 
a colloidal silica therewith and precipitating the resulting composite. 

[0017] In one aspect of the invention, said non-black colored rubber composition is preferably devoid of rubber 
processing oil other than paraffinic rubber processing oil which contains less than 14 weight percent aromatic com- 
pounds and is preferably devoid of antidegradants other than phenolic antidegradants, and also preferably contains 

10 said bromlnated poly(isobutylene-co-para-methylstyrene) compound. 

[0018] In practice, a purpose of said coupling agent is to aid in enabling said amorphous silica to reinforce the rubber 
composition. For example, such coupling agent may be a coupling agent having a moiety reactive with hydroxyl groups 
contained on the surface of the amorphous silica (e.g. silanol groups) and another moiety interactive with at least one 
of said diene-based elastomers. Alternatively, said coupling agent may be contained on the silica itself wherein the 

15 silica has been pretreated with a coupling agent prior to its addition to the rubber composition. 

[0019] Representative of such brominated poly(isobutylene-co-para-methylstyrene) copolymers is Exxpro 3745 from 
the ExxonMobil Chemical Company. In practice, a purpose of said coupling agent is to aid In enabling said amorphous 
silica to reinforce the rubber composition, although in a case where said pre-hydrophobated silica inherently contains 
a coupling agent, use of an additional coupling agent is not believed to be necessary. For example, such coupling 

20 agent may be a coupling agent having a moiety reactive with hydroxyl groups contained on the surface of the amorphous 
silica (e.g. silanol groups) and another moiety interactive with at least one of said diene-based elastomers. Alternatively 
said coupling agent may be contained on the silica itself wherein the silica has been pretreated with a coupling agent 
prior to its addition to the rubber composition. 

[0020] In practice, the pre-hydrophobatcd precipitated silica aggregates might bo recovered^ for example, from said 
25 treated colloidal silica, for example as a treated silica hydrosol, with the aid of acid addition to the treated colloidal silica 
(for example, sulfuric acid or hydrochloric acid) followed by water washing and drying the recovered hydrophobated 
silica as a hydrophobated silica gel or as a hydrophobated precipitated silica. While this invention is not intended to 
be directed to a specific preparation technique (preparation of silica hydrosols, recovery of silica gels and precipitated 
silicas, etc.) of the pre-hydrophobated precipitated silica itself, for education purposes in this regard, reference might 
30 be made to the Encyclopedia of Chemical Technology . Fourth Edition (1 997). Volume 21 , Kirk-Othmer in Pages 1020 
through 1 026 and US-A- 5.094,829 as well as US-A- 5,708,069. 5,789,514 and 5,750,61 0 for a more detailed discus- 
sion. 

[0021] Representative alkylsilanes of Fomnula (I) are, for example, trichloro methyl silane, dichloro dimethyl silane, 
chloro trimethyl silane, trimethoxy methyl silane, dimethoxy dimethyl silane, methoxy trimethyl silane, trimethoxy propyl 
35 silane, trimethoxy octyl silane, trimethoxy hexadecyl silane, dimethoxy dipropyl silane, triethoxy methyl silane, triethoxy 
propyl silane, triethoxy octyl silane, and diethoxy dimethyl silane. 

[0022] Representative examples of organomercaptosi lanes of Formula (II), namely organomercaptosilanes are, for 
example, triethoxy mercaptopropyl silane, trimethoxy mercaptopropyl silane, methyl dimethoxy mercaptopropyl silane, 
methyl diethoxy mercaptopropyl silane. dimethyl methoxy mercaptopropyl silane, triethoxy mercaptoethyl silane, and 

40 tripropoxy mercaptopropyl silane. 

[0023] Representative examples of organo phosphites understood to be commercially available are, for example, 
triisodecyl phosphite, trilauryl phosphite, tris(tridecyl) phosphite, diphenyl isooctyl phosphite, diphenyl isodecyl phos- 
phite, phenyl diisodecyl phosphite, triphenyl phosphite, triisononylphenyl phosphite, trimethyl phosphite, triethyl phos- 
phite, tris (2-chloroethyl) phosphite, triisopropyl phosphite, tributyl phosphite, triisooctyl phosphite and tris (2-ethylhexyl) 

45 phosphite, as well as tris (2.4-di-t-butylphenyl) phosphite, and bis 2.4,6,tri-t-butylphenyl 2-butyl-2-ethyl-1 ,3-propanediol 
phosphite; and diphosphites as, for example, distearyl pentaerythritol diphosphite, bis (2,4-di-t-butylphenyl) penlaer- 
ythrilol diphosphite, bis (2,6,di,l-butyl-4-methylphenyl pentaerythritol diphosphite, bis (2,4-dicumylphenyl) pentaeryth- 
ritol diphosphite and mixtures thereof. 

[0024] Such organo phosphite may be, for example, tris (2-ethylhexyl) phosphite or triphenyl phosphite. 
so [0025] It is preferred that an in situ reaction of said organo phosphite and silica, optionally including the alkylsilane 
of fomula (I), within the elastomer host may be accomplished without an evolution of an alcohol as compared to using 
the aforesaid alkoxysilyl polysulfide coupling agent by the inherent chemistry of the organo phosphite material and 
hydroxyl groups contained on the surface of said silica material in which water evolved instead of an alcohol as a 
byproduct of the reaction. 

55 [0026] In the further practice of the invention, the aforesaid in situ reaction of said organo phosphite silica material 
within the elastomer host via said Internal rubber mixing process is accomplished wherein said silica material is a 
precipitated silica and/or silica-containing carbon black which is hydrophobated prior to Its addition to the elastomer 
(pre-hydrophobated). Such in situ reaction Is considered herein to be important as to both the process of mixing and 
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ir?r!^n^ilrL°h^''"° ",1!°"^"'^ ''"^ pre-hydrophobated silica material as to a resulting product thereof In panicular 

(A) renders It more compatible with the diene-based elastomer and 

(B) subslamislly reduce, a tendency ,o, a praaptow aillc. to aggtomarala with te. «hin the elaslo™, host 

rd,t=r— s;^^^^^^ 

S,.?L ^ . * "™ °' ""'^ ^ niLr layer 8 aa shewn In PIG ? 

n;i:rrro;rrz-ar.:roe:L^;r,Trer:^^^^ 

colored layer s to be conllned to the e.rtace of tS wad jJ^^sV " """^ "°"-'"«* 

Sr.a^i't^^rdi'SL^srrdirircrreS:^^^^^^^^^ 
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practice is well known to those having skill in such art. 

[0040] The diene-based elastomers for the tire tread rubber composition ofthis Invention, are for example, homopol- 
ymers and copolymers of at least one conjugated diene such as. for example, isoprene and/or 1 .3-butadiene and 
copolymers of at least one conjugated diene, such as for example, isoprene and/or 1 .3-butadiene, and a vinyl aromatic 
5 compound such as styrene or alphamethyl styrene. preferably styrene. 

[0041] Representative of such dIene-based elastomers are, for example, elastomers comprised of cis 1,4-polyiso- 
prene (natural and synthetic), cis 1 ,4-polybutadiene, high vinyl polybutadiene having a vinyl 1 ,2-content in a range of 
35 to 90 percent, isoprene/butadiene copolymer elastomers, styrene/lsoprene copolymer elastomers, styrene/butadi- 
ene copolymer elastomers (organic solvent solution polymerization fomried or prepared and aqueous emulsion polym- 
^0 ehzation formed or prepared), and styrene/isoprene/butadiene terpolymer elastomers. 

[0042] Amorphous silicas are usually aggregates of precipitated silicas although they may be fumed silicas. Precip- 
itated silicas are, for example, those obtained by the acidification of a soluble silicate, e.g., sodium silicate, including 
blends of a sodium silicate and aluminate. Such precipitated silicas are well known to those having skill in such art. 
[0043] Such amorphous, particularly aggregates of precipitated, silicas might be characterized, for example, by hav- 
ing a BET surface area, as measured using nitrogen gas, preferably in the range of 40 to 600, and more usually In a 
range of 50 to 300 square meters per gram. The BET method of measuring surface area is described in the Journal 
of the American Chemical Society , Volume 60, Page 304 (1930). 

[0044] The silica may also be typically characterized by having a dibutylphthalate (DBP) absorption value In a range 
of 100 to 400, and more usually 150 to 300 cm^/IOOg (ASTM2414). 

[0045] The silica is conventionally used in conjunction with an adhesive agent (coupling agent) as hereinbefore 
discussed to aid in coupling the silica to at least one of said diene based elastomers and, thus, enhance the elastomer 
reinforcing effect of the silica. The coupler may be mixed in the same mixing stage with the silica or in a subsequent 
preparatory mixing stage except that it is preferred that the silica Is added to the rubber composition priorto the coupling 
agent. In practice, then the coupling agent then combines in-situ with the silica within the elastomer host. 
25 [0046] Various colorants might be used for the non-black colored njbber composition used in this invention, if. desired. 
For example, such colorants might be pigments, classified according to CAS numbers, for example, red 38 CAS 
6358-87-8; violet 32 CAS 12225-0800; blue 15 CAS 147-14-8, copper phthalocyanine; blue 29, CAS 57455-37-5, 
ultramarine blue; violet 1 9 CAS 1 047-16-1 ; yellow 110 CAS 106276-80-6, yellow 109 CAS 106276-79-3: and white 6 
CAS 13463-67-7, titanium dioxide. 
30 [0047] It is readily understood by those having skill in the art that the rubber composition would be compounded by 
methods generally known In the rubber compounding art, such as mixing the various sulfur-vulcanlzable constituent 
rubbers with various commonly used additive materials, as herein before discussed, such as, for example, curing aids 
such as sulfur, activators, retarders and accelerators, processing additives, such as rubber processing oils, resins 
including tackifying resins, silicas, and plastclzers, fillers, pigments, fatty acid, zinc oxide, waxes, antioxidants and 
55 antiozonants, peptizing agents and reinforcing materials such as, for example, carbon black. As known to those skilled 
in the art, depending on the intended use of the sulfur vulcanizable and sulfur vulcanized material (rubbers), the addi- 
tives mentioned above are selected and commonly used in conventional amounts. 

[0048] Representative of phenolic antldegradants for use in this invention are, for example, antioxidants such as 
polymeric hindered phenol, Wingstaya HLS available from The Goodyear Tire & Rubber Company, including phenolic 
^0 antldegradants disclosed in The Vanderbilt Rubber Handbook (1978), Pages 344 through 346. Other non-staining 
antldegradants such as poly(oxyalkylene) amine known as OZONOX RP-2 available from Sovereign Chemical Com- 
pany and cyclic acetal known as Vulkazone AFS available from Bayer A.G.. can be considered part of this invention, 
[0049] Representative non-aromatic rubber processing oils for use in this invention, namely such oils which contain 
less than 15 weight percent aromatic compounds, if at all, are. and for example, contain 46 percent to 51 percent 
^5 content and 36 percent to 42 percent naphthenic content. 

[0050] Typical amounts of fatty acids, if used which can Include stearic acid, comprise 0.5 to 3 phr. Typical amounts 
of zinc oxide comprise 1 to 5 phr. Typical amounts of waxes comprise 1 to 5 phr. Often microcrystalline waxes are 
used. Typical amounts of peptizers comprise 0.1 to 1 phr. Typical peptizers may be, for example, pentachlorothiophenol 
and dibenzamidodiphenyl disulfide. 
50 [0051] The vulcanization is conducted In the presence of a sulfur vulcanizing agent. Examples of suitable sulfur 
vulcanizing agents include elemental sulfur (free sulfur) or sulfur donating vulcanizing agents, for example, an amine 
disulfide, polymeric polysulfido or sulfur olefin adducts. Preferably, the sulfur vulcanizing agent is elemental sulfur. As 
known to those skilled in the art, sulfur vulcanizing agents are used in an amount ranging from 0.5 to 4 phr, or even, 
in some circumstances, up to 8 phr, with a range of from 1 .5 to 2.5, sometimes from 2 to 2.5, being preferred. 
[0052] Accelerators are used to control the time and/or temperature required for vulcanization and to improve the 
properties of the vulcanizate. In one embodiment, a single accelerator system may be used, i.e., primary accelerator. 
Conventionally and preferably, a primary accelerator(s) is used in total amounts ranging from 0.5 to 4, preferably 0 8 
to 2, phr. In another embodiment, combinations of a primary and a secondary accelerator might be ,used with the 
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secondary acceterator being used in smaller amounts (of 0.05 to 3 phr) in order to arti„=>,» o h . 

Of the vulcanizate. Combinations of these accelerate s might be expe^teTto Idu^^^^^^ 'mprove the properties 

properties and are somewhat better than those produced by use of eSc^^iSor^r/^^^ """T. 

accelerators may be used which are not »fi^Zrt h„ „ L ^""er accelerator alone. In addition, delayed action 

at ordinary vulcanizationlmpeTafuL Vu^^^^^^^^ temperatures but produce a satisfactory cure 

may be used in the presentTnveSon ^^^^^ ""T ^"""'"^ ^^P^^ °' accelerators that 

dithiocarbamates and xanthates PrefeSbirthe nrim^^^^^ guanidmes, thioureas, thiazoles, thiurams, sulfenamides. 
th™ryaccele^^^^ 

Ss \t rZ?i: Z ^:;tT ~p.ished by tr^Lsaid se^uentla, mixing 

(preparatory) stages^ollowedCp™^^^^^^ "'"T^ ''''' "on-productive 



EXAMPLE I 



Lr:'rubb:r:omri?ttr^^^^^^^ ^'-^ reinforcement, thereby of a blac. color. 

colorantandtherebyof apurj^^corv^tr™^ °' "'^'^^ - P-P'e 
series of non-productive (withoutsunuTan^^^^^^ 

addition at a lower mix temperlreS^^ ' " ''"'"^^'^^ ^""^ 

composttions were dumped frorn the r^ber mLr f T "''""P™^"'^"^" '"^'"S ^^P^ «'oro used. The oibbor 

to cool to below 40«C after each r^lxiig step '^'^ ^" °P«" allowed 

SsteTwrfo^ur-rs:^^^^^^^^^^^ 

[0058J Table 1 illustrates the ingredients used for preparing the rubber compositions of Samples A and B. 
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First Non- Productive Mixing Step (to 160''C) 


Control Sample A 


Samole B 


Styrene/butadiene rubber^ 


0 


80 


Polybutadiene rubber^ 


0 


20 


Styrene/butadiene rubber^ 


96.25 


0 


Budene 1254^ 


37.5 


0 


Carbon biack^ 


70 


0 


Silica^ 


0 


50 


Coupling Agont^ 


0 


3.9 


Aronnatic processing oil 


10 




Paraffinic processing oil 


0 


20 


Antioxidant® 


0 


2 


Zinc oxide 


2 


2 


Fatty acid® 


2 


3 


Second Non-Productive Mixing Step (to ISO'^C) 


No 


Yes 


Silica^ 


0 


20 


Coupling agent^ 


0 


1.6 . 


Paraffinic processing oil 


0 


8 


Productive Mixing Step (to 11 5°C) 


Accelerator(s)i° 


1,3 


3.5 . 


Sulfur 


1.5 


1.4 


AntidegradantCs)^"" 


1.2 


0 


Colorant (purple) ''2 


0 


2 
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"•Emulsion polymerization prepared styrene/butadiene mbber obtained as Plioflex® 1502 from The Goodyear Tire & Rubber Company 
2cis 1 ,4-polybutadiene rubber obtained as Budene® 1207 from The Goodyear Tire & Rubber Company 
^Oil extended emulsion polymerization prepared styrene/butadiene rubber obtained as Plioflex® 1712 from The Goodyear Ttre & Rubber Company 
"^Oil extended cis 1 ,4-polybutadiene rubber obtained as Budene® 1254 from The Goodyear Tire & Rubber Company 
^N234 carbon black, an ASTM designation 
^Obtained as ZeopoKB) 8745 from the J. M. Huber Corporation 

^Obtained as liquid SI69 from Degussa AG. as a bls-(3-tr1ethoxysllylpropyl) tetrasulflde 
^Non-staining antioxidant Wingstay® HLS from The Goodyear Tire & Rubber Company 
^Primarily stearic add 

^^Sulfenamlde and diphenylguanidlne or tetramethylthluram disulfide type 

"•"^ Mixed diaryl-p-phenylenediamine type antioxidant from The Goodyear Tire & Rubber Company 
■•^Colorant obtained from Akrochem Corporation 



SO 



[0059] An aromatic rubber processing oil was used which can be characterized as 40 percent to 41 percent aromatic. 
21 percent to 26 percent naphthenic and 34 percent to 38 percent paraffinic. A paraffinic rubber processing oil was 
used which can be characterized as 46 percent to 51 percent paraffinic. 36 percent to 42 percent naphthenic and 11 
percent to 14 percent aromatic. 

[0060] The rubber compositions of Table 1 were cured for about 1 4 minutes at about 1 60*»C. Various resulting physical 
properties are shown in the following Table 2. 
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Table 2 



Rheometer 1 60*'C 


Sample A 


Sample B 


Maximum torque, (dNm) 


12 


14 



9 
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Table 2 (continued) 





Rheometer. 1 60**C 


Sample A 


Sample B 


5 


Minimum torque, (dNm) 


2.5 


1.4 




Defta torque, dNm (Max-min torque) 


9.5 


12.6 




T90, minutes 


6.2 


8.6 




Stress Strain (Modulus) 




10 


100% modulus (MPa) 


1.2 


1.4 




300% modulus (MPa) 


4.7 


6.1 




Tonslle strength (MPa) 


17.4 


18.6 


15 


Elongation at break, {%) 


689 


628 




Rebound 




100'C 


47 


59 




Hardness 


20 


Shore A, 100*»C 


48 


51 




DIN Abrasion (10 N force) (cm^ loss) 


73 


91 



[0061] It \s seen from Table 2 that Sample B. a purple colored sample, has superior 300 percent modulus, hardness 

eiruS^nll" ^r^^K k"" ^T""' ^^"'P'^ "^'^"^ considered herein to be important properties for a thin, co- 
extruded rubber strip which overlays at least a portion of a visible surface of a tread groove. 

EXAMPLE II 



30 



35 



40 



45 
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nnlll^t . r T "^"'^ °' "'^''^ ^'"P co-extruded therewith said tread as an overlay which 

covers at least a portion of a visible surface of a tread groove and is of the rubber composition of Sample B of Example I. 

EXAMPLE III 

[0063] In this Example. Control Sample A of Example I Is repoded as it was in Example I which contained carbon 
black reinforcement without silica reinforcement and, also therefore without a silica coupling agent 
[0064] Samples C and D are reported herein as rubber samples which contain a brominated copolymer of isobutylene 
and para-methyl stryene rubber (also referred to as "BIMS" rubber as well as at least one diene-based elastomer and 

Silica reinforcement. 

o "fSano phosphite, namely triphenyl phosphite, as a coupling agent for said BIMS. 

[0066] For the Sample A carbon black-containing rubber composition, a total of two non productive mixing steps 
were used (Example I) and for the silica reinforced rubber compositions (Samples C and D) a total of three non- 
productive mixing steps were used. The rubber compositions were dumped from the rubber mixer after each mixing 
step, sheeted out from an open mill and allowed to cool to below 40»C after each mixing step 

The representative rubber compositions shown in the following Table 1 where Sample A (with carbon black 
reinforcement) is used as a comparative Control Sample and Samples C and D utilized the silica reinforcement together 
with a paraffinic rubber processing oil, non-staining phenolic antioxidant. 

[0068] The non-productive mixing steps were for about 5 minutes to a temperature of about 160'C The productive 
mixing step was for about 2 minutes to a temperature of about 11 S^C. 

0*0 and?"'^ ^ illustrates the ingredients used for preparing the rubber compositions of Samples A (from Example 
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First Non-Productive Mixing Step (to 160°C) 


Control Sample A 


Sample C 


Sample D 


BIMS rubber! 

! Brominated copotymerof isobutvlene and oara-methvi strvem^ r.>KK« 


0 


40 


40 



10 
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Tabic 3 (continued) 



First Non-Productive Mixing Step (to 160°C) 


Control Sample A 


Sample C 


Sample D 


Polybutadiene rubber^ 


0 


30 


30 


Polyisoprene rubber 


0 


30 


30 


Styrene/butadiene rubber^ 


96.25 


0 


0 


Budene 1254^ 


37.5 


0 


0 


Carbon black^ 


70 


0 


0 


Silica^ 


0 


66 


66 


Aromatic processing oil 


10 


0 


0 


Paraffinic processing oil 


0 


25 


25 


Zinc oxide 


2 


0 


0 


Fatly acld^ 


2 


0 


0 


Phosphite® 


0 


0 


10 


Second Non-Productive Mixing Step (160*»C) 


No 


Yes 


Yes 


Zinc Oxide 


0 


2.5 


2.5 


Antidegradants^ 


0 


3.0 


3.0 


Cartoon black^io 


0 


10 


10 


Productive Mixing Step (to HS^'C) 


Accel erator{s)''^ 


1.3 


3.5 


3.5 


Sulfur 


1.5 


2.2 


2.2 


AntidegradantCsj'^s 


1.2 


0 


0 



*^CIs 1 .4-polybutadiene rubber obtained as Budene<8) 1207 from The Goodyear Tire & Rubber Company '~. 
"^Oil exterided emulsion polymerization prepared styrene/butadiene rubber obtained as Plioflex® 1 71 2 from The Goodyear Tire & Rubber Company 
^ Oil extended cis 1 .4-polybutadlene rubber obtained as Budene® 1254 from The Goodyear Tire & Rubber Company 
^N234 carbon black, an ASTM designation 



35 ^Obtained as ZeopoKS) 871 5 from the J. M. Huber Corporation 
^Primarily stearic add 

®Trtphenyl phosphite ' 
®P-phenylencdiamine type 

^^N472 carbon black, an ASTM designation, obtained as Vulcan® XC-72 from Cabot Corporation 

^^Sulfenamide and diphenylguanidine or tetramethylthiuram disulfide type 

''^Mixed diaryl-p-phenylenediamine type antioxidant from The Goodyear Tire & Rubber Company 



[0070] An aromatic rubber processing oil was used which can be characterized as 40 percent to 41 percent aromatic, 
21 percent to 26 percent naphthenic and 34 percent to 38 percent paraffinic. A paraffinic rubber processing oil was 
used which can be characterized as 46 percent to 51 percent paraffinic, 36 percent to 42 percent naphthenic and 11 
percent to 14 percent aromatic. 

[0071 ] The rubber compositions of Table 3 were cured for about 1 4 minutes at about 1 60°C. Various resulting physical 
properties are shown in the following Table 4, with the physical properties for Sample A simply taken from Table 2 of 
Example I. 

Table 4 





Sample A 


Sample C 


Sample D 


Stress Strain (f^odulus) 


100% modulus (MPa) 


1.2 


1.6 


1.2 


300% modulus (MPa) 


4.7 


8.5 




Tensile strength (MPa) 


1 7.4 . • 


11.5 


10.9 



11 
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Tabic 4 (continued) 



Sample A 


Sample C 


Sample D 


Stress Strain (Modulus) 




Elongation at break, (%) 


669 


1 417 


617 


Rebound 




100°C 


47 




49 


Haraness 




Shore A. lOCC 


48 


51 


51 


DIN Abrasion (ION force) (cm^ loss) 


73 


172 


132 


Peel Adhesion (95°C), N 


170 


38 


159 



Claims 
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3. 



^'^^';«'"^'"'"9' ^^^^ tread cap (3) rubber corriposition configured with lugs 

B a (a^erof a clT.nZ ^^-"ter surface (9). orfacc, of said troad lugs is designed to bo ground-con let ng 

i^iaiS^Lai"*" black-colored tread miniwings (7) extending from the peripheral edges 

'SlTllT^ZTr^T^^^^^ exclusive 

rsratrr:rornrrtrd™ 

S S dltr toTeTord^onr ^ ^''"^ --^^ .0. the face of said tread 
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The tire of claim 1 characterized in that said thin, non-black colored outer rubber layer (8) is comprised of 

(A) 100 phr of elastomer comprised of 

(1 ) 20 to 1 00 phr of at least one diene-based elastomer and 

(2) from zero to 80 phr of a halogenated copolymer of isobutylene and p-methyl styrene, wherein said 
halogen is selected from bromine or chlorine, 

(B) 25 to 100 phr of silica comprised of particulate synthetic amorphous silica selected from at least one of 

( 1 ) aggregates of precipitated silica having hydroxyl groups (e.g. silanol groups) on the surface thereof, and 

(2) pre-hydrophobated aggregates of precipitated silica having been pre-hydrophobated by treating silica 
in an aqueous colloidal form thereof with both an organomercaptosilane and an alkylsilane in a weight 
ratio of said organomercaptosilane to said alkylsilane In a range of from 10/90 to 90/10; 

wherein said alkylsilane Is of the general Fomnula (I) 

(') X,.Si-R^„ 

wherein R is an alkyi radical having from one to 18 carbon atoms, n is a value of from 1 to 3 and X 
is a radical selected from chlorine or bromine or alkoxy radical as (OR"") wherein R"" is an alky! radical 
selected from methyl and ethyl radicals, and where said organomercaptosilane is of the general formula 
(II): 

(II) (X)„(R^O)3.„ -Si-R^-SH 

wherein X is a radical selected from chlorine, bromine, and alkyI radicals having from one to 16 
carbon atoms; wherein R2 is an alkyI radical having from one to 16 carbon atoms and R3 is an alkylene 
radical having from one to 1 6 carbon atoms; and n is a value from zero to 3; 

(3) from zero to 15 phr of a coupling agent having a moiety reactive with hydroxyl groups contained on 
the surface of said aggregates of precipitated silica and another moiety interactive with said diene-based 
elastomer(s); 

(4) 0.5 to 20 phr of an organo phosphite, where said elastomer includes said halogenated copolymer, as 
at least one of organo diphosphites selected from diisodecyl pentearythritol diphosphite, distearyl pen- 
taerythritol diphosphite and pentearythritol diphosphite and organo monophosphites selected from the 
general fomiulas (III) and (IV): 



(III) (ORVP-(OR^) 

I 

(OR"), and 



(IV) ((0R^)2-P-0-R^)2-R® 

wherein each R^ radical is independently selected from alkyI radicals and phenyl radicals and alkyI 
substituted phenyl radicals; wherein said R^ alkyI radicals have from 1 to 1 8 carbon atoms, wherein R^ is 
a phenyl radical; and wherein R^ is selected from alkyI radicals having from 2 to 8 carbon atoms; 

wherein said organo phosphite is provided by one or more of the following: 

(a) by mixing said organo phosphite with said elastomer(s) and said synthetic silica in an internal 
rubber mixer, 

(b) by pre-reacting said hydrogenated copolymer of isobutylene and p-methyl styrene with said organo 
phosphite prior to blending said reinforcing filler therewith. 

(c) by pre-reacting said organo phosphite with an aqueous dispersion of colloidal silica particles from 



13 



EP 1 228 898 A1 



10 



15 



20 



30 



35 



40 



45 



8. 



S mi^^^^^^ '"''h " '° Phosphlte/silica composite thereof 

la d S (a rorT..^^^ e,astomer(s) and said synthetic silica according to any of 

(f) pre.react.ng said organo phosphite and said alkylsilane of Formula (I) w.Th 

(i) said aggregates of synthetic precipitated silica or 

. The »«, of Claim 6 cl-^cfrtwl h, «,« said co-.auded o.M.ylng non.bl.ck colcM ,ubbe, te,e, (8) 

to be ground-contacting. exclusive of the face of said grooves intended 

'""^ ^^'^ "•^'^^ unden^ir^g rubber layer is comphsed of 1 00 phr of 

(A) 50 to 90 phr of at least one diene-based elastomer and 

ZZt °' " '^-'°9--ted copolymer of isobutylene and p-methyl styrene. wherein said halogen is 

l^'Ltg bTen l^::^:^^^!^^^ °' Pre-hydrophobated aggregates of precipitated 

mercaptosifane and an a^Tane n a weiahUa^^ ^"'^ ^" 

from 10/90 to 90/10; "^'^"^"^ ^ ''^'9''^ °' "rganomercaptosilane to said alkylsilane in a range of 

wherein said alkylsilane is of the general Formula (I) 



(I) X„ -Si-R^„ 



so 
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.... ™»,i and ^ L":^^:^'^:^::::::^^^:^^^:;,^^^ — 

(II) (X)„{R2o)3.„-Si-R3-SH 
aromatic cLpound^ andtr^d^TaminTbr^^nT^^^^^^^^ '^^^ -'^^^ 
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